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Summary
Background Local area immigrant fraction is strongly and positively correlated with local life expectancy in the United
States. The aim of the study was to determine the relationship between local area immigrant fraction and local
prevalence of coronary heart disease (CHD) and stroke.

Methods Cross-sectional study design, with ZIP code as the unit of observation. Demographic data was obtained from
the American Community Survey, and linked to indicators of health access (e.g., insurance, annual check-ups,
cholesterol screening), obesity, behavior (smoking, exercise), and cardiovascular outcomes data from the 2020
Population Level Analysis and Community Estimates. Multivariable regression and path analyses were used to
assess both direct and indirect relationships among variables.

Findings CHD prevalence was lower in the second (3.9% relative difference, 95% CI: 3.1–4.5%), third (6.5%, 95% CI:
5.8–7.1%), and fourth (14.8%, 95% CI: 14.1–15.8%) quartiles of immigrant fraction compared to the lowest (p-trend
<0.001). These effects remained robust in multivariable analysis following adjustment for indicators of access,
obesity, and behavioral variables (p-trend <0.0001). For stroke, only the highest quartile demonstrated a significant
difference in prevalence (2.1%, 95% CI: 1.2–3.0% with full adjustment). In CHD path analysis, ∼45% of the asso-
ciation of immigrant fraction was direct, and ∼55% was mediated through lower prevalence of deleterious behaviors
(e.g., smoking). In stroke path analysis, the effect was entirely mediated through indirect effects.

Interpretation In the United States, ZIP codes with higher immigrant fractions have lower prevalence of cardio-
vascular diseases. These associations are partially mediated through differences in health behaviors at the community
level.

Funding NIH (K08CA252635, P30AG0059304, K24HL150476), Stanford University, Rutgers University.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
The United States (US) foreign-born (immigrant) pop-
ulation was estimated at 45 million in 2020.1 Despite
representing nearly one in seven Americans, immi-
grants have been historically underrepresented in
Abbreviations: ACS, American Community Survey; BMI, body mass index; BR
diseases; PLACES, Population Level Analysis and Community Estimates; US
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research studies. While immigrants have lower socio-
economic status than non-immigrants, they experience
a lower prevalence of age-related diseases (such as
atherosclerosis, stroke, diabetes, dementia, and osteo-
porosis) compared to non-immigrants.2–6 This has been
FSS, Behavioral Risk Factor Surveillance System; CHD, coronary heart
, United States; ZCTA, ZIP code tabulated area
A 94305, USA.
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Research in context

Evidence before this study
Immigrants have been historically underrepresented in
research studies. While immigrants have lower socioeconomic
status compared to non-immigrants, they experience lower
prevalence of age-related diseases (such as atherosclerosis and
stroke), a phenomenon termed the “healthy immigrant
effect”. There exist sparse data on the association between
local area immigrant fraction and community cardiovascular
health outcomes. In July 2023, we searched PubMed using the
search terms (‘immigrant’) AND (‘neighborhood’ OR
‘community’ OR ‘local’) AND (‘health’ OR ‘heart disease’ OR
‘cardiovascular’ OR ‘stroke’) AND (‘United States’ OR ‘US’ OR
‘USA’) AND (‘behavior’ OR ‘diet’ OR ‘lifestyle’ OR ‘exercise’
OR ‘food’) AND (‘density’ OR ‘fraction’). This data was
supplemented by author knowledge. While a few studies have
reported on the association between local immigrant density
or fraction on the health behaviors of both immigrants and
non-immigrants, these studies have mostly been performed
within single or a small number of cities. Conversely, prior
national database studies focused on the association of
immigrant density/fraction and local health outcomes have
mostly used larger geographic subdivisions (such as
commuting zones or counties). In particular, no study has
used small geographic area coding (such as ZIP code) to study
the association between immigrant fraction and local health.

Added value of this study
Using ZIP-code linked national data sets of the United States,
our study finds that both immigrants and non-immigrants

living in communities of higher immigrant fraction
demonstrate lower prevalence of major cardiovascular
diseases (coronary heart disease and stroke). Our study
leveraged a well-phenotyped data set with access to
preventative measures (e.g., annual cholesterol screening,
primary care access) as well as behavioral measures (e.g.,
smoking, physical inactivity) available at the level of ZIP code,
allowing us to adjust for confounding and ascertain indirect
effects. Using structural equation modeling, we decomposed
the direct and indirect (mediated) effects of immigrant
fraction on cardiovascular disease prevalence, and found the
majority of the association between immigrant fraction and
reduced disease prevalence was mediated through lower
prevalence of deleterious behaviors (such as inactivity and
smoking).

Implications of all the available evidence
Our study suggests that immigrants may create positive
externalities within their communities, such as influencing
smoking or physical activity patterns, which may impact
cardiovascular disease risk. These findings may hold important
implications for community health, as there are an estimated
45 million immigrants residing in the United States as of year
2020. Our study was limited both by its cross-sectional nature
and by the absence of individual-level data. Future
longitudinal studies with individual-level risk factor and
outcomes data are needed to confirm these findings.
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termed the “healthy immigrant effect”. This effect may
be due to differences in health behaviors between im-
migrants and non-immigrants, including increased
physical activity, reduced smoking, reduced alcohol
intake, and healthier diet.3,5,7–10 Alternatively, immigrant
selection (healthier people are more likely to immigrate
and less healthy people are more likely to return
migrate) may also contribute to this effect.11,12

Recent evidence suggests immigrants not only have
better personal health outcomes, but may also impact
the health behaviors of the neighborhoods and com-
munities in which they reside. One survey study of Los
Angeles County found neighborhood immigrant density
to be negatively associated with regular fast food
consumption, BMI, and hypertension, and positively
associated with fruit/vegetable consumption among
native-born Americans.5 A separate cross sectional sur-
vey study of Los Angeles demonstrated that among
immigrants, living in a neighborhood with high immi-
grant density attenuated the negative effects of accul-
turation on fast food consumption.13 Thus, both
immigrant Americans and native-born Americans living
in neighborhoods with a high density of immigrants
had healthier behaviors compared to those living in
neighborhoods with a low density of immigrants. A
national, serial cross-sectional study of the US popula-
tion used tax records and death records to evaluate fac-
tors associated with differences in life expectancy across
areas.7 Within the bottom income quartile, the greatest
single predictor of life expectancy (of both immigrants
and non-immigrants) was local area immigrant fraction
(on par with median home value and governmental
expenditure per capita).7 Collectively, these data suggest
that immigrant density and fraction within a given
community may be associated with healthier behaviors
and improved health outcomes among both immigrants
and non-immigrants living in that community.

Building on this prior knowledge, we aimed to further
explore the association between local area immigrant
fraction and local health outcomes in this national cross-
sectional study of the US. We chose to focus our analysis
on two leading causes of cardiovascular morbidity and
mortality which are highly sensitive to dietary and life-
style patterns, coronary heart disease (CHD) and stroke.
This study leverages a unique, national survey which
provides detailed data on health behavior and outcomes
to the level of ZIP code tabulated area (ZCTA). While
prior studies associating neighborhood characteristics
www.thelancet.com Vol 27 November, 2023
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with health outcomes have mostly used county as the unit
of analysis, use of ZCTA provides a more granular
geographic subdivision (∼40,000 ZCTAs vs ∼3000
counties in the US) which provides more precise esti-
mates of local disease prevalence. We aimed to decom-
pose the direct and indirect (mediated) association of
local area immigrant fraction on cardiovascular disease
prevalence through structural equation modeling.
Methods
Data sources and collected variables
This study was conducted on public data sources. A
determination was issued by the Stanford University
Institutional Review Board that this study did not
constitute human subjects research (determination
number 61866). This study followed the Strengthening
the Reporting of Observational Studies in Epidemiology
guidelines for cross-sectional studies. The data sources
used in this study were the American Community
Survey (ACS) 2014–2018 5-Year Estimates from the
United States Census Bureau,14 and the 2020 Population
Level Analysis and Community Estimates (PLACES)
data release available through the US Centers for Dis-
ease Control and Prevention.15 These data sources were
linked through five-digit ZCTA code. A comprehensive
data dictionary of all variables utilized in this study are
provided in Supplementary Table S1.

The ACS is the largest source of small area statistics
for social, economic, housing and demographic char-
acteristics across the US and is based on sampling of
∼3.5 million households annually. ZCTA-level data
captured from the ACS included total population esti-
mate, immigrant population estimate (further stratified
by Hispanic ethnicity or Asian race), proportion of
adults >65 years of age, male proportion, median
household income, educational attainment (proportion
of population >25 years of age with a high-school
equivalent degree), and rural-urban commuting area
codes. First released in December 2020, PLACES le-
verages data from the 2018 Behavioral Risk Factor
Surveillance System (BRFSS), while providing model-
based small area estimation; this allows for estimation
of health behavior and outcomes prevalence to the level
of ZCTA. The BRFSS is a large, health-related telephone
survey system that collects data from 400,000 adults
annually through a standardized core questionnaire.
ZCTA-level data captured from PLACES included the
following: proportion of adult population with health
insurance, proportion of adults receiving annual health
checkup, proportion of adults receiving annual choles-
terol screening, proportion of adults currently smoking,
proportion of adults who demonstrated physical inac-
tivity (no exercise in past 30 days), and proportion of
adults with obesity (defined as body mass index ≥30).
The two outcome variables (CHD and stroke) were also
captured from PLACES, and were defined as the
www.thelancet.com Vol 27 November, 2023
proportion of respondents by ZCTA who reported ever
being diagnosed by a physician with CHD, or ever being
told by a physician that they had had a stroke,
respectively.

Study design
The independent variable of interest was ZCTA immi-
grant fraction, defined as the estimated immigrant
population as the numerator and estimated total popu-
lation as the denominator, and categorized by quartiles
for analysis. We chose quartile categorization of immi-
grant fraction in order to offer a simpler interpretation
of common effect measures from statistical models. We
also performed a sensitivity analysis keeping immigrant
fraction as a continuous variable (see below). From all
total ZCTAs (N = 32,409), we chose to exclude ZCTAs
where immigrant fraction was <1% (N = 16,038) in our
main analysis. We chose to perform this exclusion for
several reasons (see Table 1 for characteristics of both
the included and excluded ZCTAs), including small
population size and significant difference in character-
istics (e.g., excluded ZCTAs were much more rural then
included ZCTAs). Based on differences in characteris-
tics, we felt that these low-immigrant ZCTAs did not
share much common support with the included ZCTAs,
making these observations ungeneralizable.16,17 Another
reason for excluding these ZCTAs was the high rate of
missing data (see Supplementary Table S2). After
excluding low-immigrant ZCTAs, our main analytic
cohort contained 16,371 ZCTAs. Notably, we performed
sensitivity analyses including all ZCTAs which had
complete data (N = 30,603), without restricting to
ZCTAs with immigrant fraction ≥1%. We further per-
formed sensitivity analyses treating the exposure mea-
sure (immigrant fraction) as a continuous variable.

The two primary outcomes measures were ZCTA
prevalence of CHD and stroke. Estimates were adjusted
for ZCTA sociodemographic characteristics (age struc-
ture, sex distribution, household income, educational
attainment), indicators of health access (health insur-
ance, annual health checkups, routine cholesterol
screening), obesity, and health behaviors (smoking and
physical inactivity). Subgroup analysis by Asian or His-
panic immigrant origin was performed by assessing the
local area fraction of each group (e.g., estimated Asian
immigrant population as a fraction of total population).
All analyses excluded ZCTAs with <1% of each immi-
grant group. ZCTAs were then categorized by quartile of
both Asian and Hispanic immigrant fraction.

Statistical methods
We compared baseline characteristics between ZCTA
quartiles using the Kruskal–Wallis test for continuous
variables, and the Chi-squared test for categorical vari-
ables. We conducted multivariable linear regression to
assess the association between ZCTA immigrant frac-
tion and the primary outcome measures (CHD and
3
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Variable Excluded (N = 16,038) Included 1st quartile
(N = 4093)

Included 2nd quartile
(N = 4092)

Included 3rd quartile
(N = 4093)

Included 4th quartile
(N = 4093)

p-valuea Combined included
and excluded
(N = 32,409)

Immigrant fraction (range) <1% 1.0–2.8% 2.8–6.0% 6.0–13.2% 13.2–76.9% 0.0–76.9%

Population size, persons (Q1–Q3) 882 (324–2198) 4899 (2018–11,534) 9572 (3228–21,013) 17,212 (6966–29,866) 27,227 (13,843–41,312) <0.0001 2918 (759–13,681)

Male, % (Q1–Q3) 50 (47–53) 50 (48–51) 49 (48–51) 49 (48–51) 49 (48–51) <0.0001 50 (48–52)

>65 years of age, % (Q1–Q3) 19 (15–25) 19 (16–22) 17 (14–21) 16 (13–21) 13 (10–17) <0.0001 18 (14–23)

>25 years with GED or equivalent,
% (Q1–Q3)

89 (83–94) 91 (86–94) 92 (87–95) 92 (87–95) 88 (78–94) <0.0001 90 (84–94)

Household income, 2018 USD
(Q1–Q3)

51,701 (41,458–62,946) 54,750 (45,878–65,761) 60,129 (49,113–76,796) 65,784 (50,827–88,092) 68,848 (51,222–95,930) <0.0001 55,961 (44,938–71,250)

Fraction classified as rural 44.3% 8.3% 4.9% 2.7% 1.2% <0.0001 30.6%

Adults with health insurance,
% (Q1–Q3)

88 (84–90) 88 (85–90) 88 (84–91) 88 (83–91) 85 (77–90) <0.0001 88 (84–90)

Receiving annual health checkups,
% (Q1–Q3)

76 (74–79) 77 (75–79) 77 (74–79) 76 (73–79) 74 (70–78) <0.0001 76 (74–79)

Adults receiving annual cholesterol
screens, % (Q1–Q3)

80 (78–82) 80 (78–82) 81 (78–83) 81 (78–84) 81 (77–84) <0.0001 80 (78–83)

Adults currently smoking,
% (Q1–Q3)

21 (18–24) 21 (18–24) 19 (16–22) 17 (14–20) 15 (12–19) <0.0001 20 (17–23)

Low physical activity (no exercise
last 30 days), % (Q1–Q3)

27 (24–32) 26 (23–30) 24 (20–28) 22 (19–27) 23 (19–29) <0.0001 26 (22–30)

Obese (BMI ≥30), % (Q1–Q3) 36 (33–38) 35 (32–38) 33 (30–36) 31 (27–35) 28 (24–34) <0.0001 34 (30–37)

Ever diagnosed with coronary
heart disease, % (Q1–Q3)

8.2 (3.4–4.5) 7.7 (6.7–8.8) 6.9 (5.9–8.1) 6.2 (5.2–7.6) 5.6 (4.7–6.6) <0.0001 7.5 (6.1–8.8)

Ever diagnosed with stroke,
% (Q1–Q3)

3.9 (3.4–4.5) 3.7 (3.2–4.3) 3.3 (2.8–4.0) 3.1 (2.5–3.8) 2.9 (2.4–3.5) <0.0001 3.6 (3.0–4.2)

ZCTA, ZIP code tabulated area; Q1–Q3, quartile 1 to quartile 3 range; USD, United States Dollars; GED, general educational development (high-school equivalency); BMI, body mass index. aSignifies p-value of multiple comparisons between included
quartiles.

Table 1: Characteristics of ZCTAs in the United States (N = 32,409).
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stroke). Linear trend analysis was performed by immi-
grant proportion quartile. We assessed for normality in
the dependent variables (CHD and stroke) and found
both to be parametrically distributed. As the prevalence
of CHD and stroke are a continuous variable, we chose a
simple linear regression (treating quartile as an ordinal
variable) to assess if the distribution of the means of the
dependent variable increase or decrease linearly. Models
were checked for multi-collinearity between variables,
outliers, and non-normality of residuals. For each as-
sociation, several models were constructed, adjusting
for ZCTA sociodemographic features, rurality, in-
dicators of health access, obesity, and behavioral risk
factor prevalence. Subgroup analysis was performed
using Asian and Hispanic immigrant fraction quartiles
as independent variables.

Structural equation modeling was used to visualize
pathways and unravel the interrelationships among
immigrant fraction, health behaviors, and the outcome
measures of CHD and stroke. In this analysis, immigrant
fraction, proportion >65 years of age, and male propor-
tion were treated as exogenous variables. Health behav-
iors (smoking, physical inactivity) and obesity were
treated as endogenous potential mediators, and outcomes
(CHD and stroke) were treated as endogenous variables
in the model. Notably, we did assess all variables as
endogenous potential mediators; however, we chose to
omit non-significant variables in the final model. The
direction of the relationship in the path analysis were
based on biological a priori and prior literature.18–20 Both
direct and indirect path coefficients between exogenous
and endogenous variables were assessed.

Statistical analysis was performed in R (version
4.1.1). All statistical tests were 2-tailed, and statistical
significance was defined at p < 0.05.

Role of funding source
The study sponsors had no role in the collection, anal-
ysis, or interpretation of the data. The study sponsors
had no role in the writing of the report, or in the deci-
sion to submit the manuscript for publication.
Results
Analytic cohort
A choropleth plot demonstrating the local area immi-
grant fraction among all ZCTAs in the US is depicted in
Supplementary Figure S1. Following restriction of
ZCTAs with fewer than 1% immigrant fraction, the
analytic cohort comprised of 16,371 unique ZCTAs.
Descriptive characteristics of the included cohort, strat-
ified by quartile, are shown in Table 1. We observed
several notable trends with increasing immigrant frac-
tion quartile, including larger ZCTA population size,
lower rural fraction, and higher household income. For
instance, household income was ∼$55,000 in the lowest
quartile and ∼$69,000 in the highest quartile. With
www.thelancet.com Vol 27 November, 2023
increasing quartile, the prevalence of both CHD and
stroke decreased. At the same time, the prevalence of
deleterious behaviors (smoking, inactivity) and obesity
also decreased.

Histograms of immigrant fraction and socioeco-
nomic characteristics are depicted in Supplementary
Figure S2. Scatter plots depicting the crude association
between immigrant fraction and prevalence of health
behaviors (current smoking, obesity, physical inactivity)
and primary outcomes (CHD and stroke) are depicted in
Supplementary Figure S3. Increasing immigrant frac-
tion demonstrated inverse correlations with obesity
(adjusted r-squared = 0.11, p < 0.0001), current smoking
(adjusted r-squared = 0.12, p < 0.0001), stroke (adjusted
r-squared = 0.05, p < 0.0001), and CHD (adjusted r-
squared = 0.10, p < 0.0001). A correlation matrix
depicting the strength and direction of crude correla-
tions among all included variables are depicted in
Supplementary Figure S4.

Multivariable analysis
The association between ZCTA immigrant fraction (by
quartile) and local CHD prevalence (in % prevalence) is
presented in Table 2. In the base model (model 1,
adjusted for age, sex rurality, income, and education),
CHD prevalence was lower in the second (β: −0.26%,
95% CI: −0.30 to −0.21%), third (β: −0.43%, 95%
CI: −0.47 to −0.38%), and fourth (β: −0.98%, 95%
CI: −1.04 to −0.93%) quartiles of immigrant fraction
compared to the lowest quartile, with robust trend
(p-trend <0.0001). This corresponded to a relative dif-
ference in CHD prevalence of 3.9% (95% CI: 3.1–4.5%),
6.5% (95% CI: 5.8–7.1%) and 14.8% (95% CI:
14.1–15.8%), respectively. Upon further adjustments for
indicators of access factors (model 2), obesity (model 3),
and health behaviors (model 4), moderate attenuation of
effect estimates were observed. However, even in the
fully-adjusted model (model 4) a strong trend persisted
(p-trend <0.0001). In the fully-adjusted model, the rela-
tive difference in the highest quartile was 5.0% (95% CI:
4.2–5.8%) compared to the lowest quartile.

In the base model, increasing Asian immigrant
fraction was associated with lower CHD prevalence with
a strong trend (p-trend <0.0001). With further adjust-
ments for indicators of health access (model 2), obesity
(model 3), and health behaviors (model 4), the estimates
attenuated but a robust trend persisted (p-trend <0.0001
in all models). Similarly, when analyzing the association
between Hispanic immigrant fraction and CHD preva-
lence, a strong inverse relationship was seen in the base
model (p-trend <0.0001). With adjustment for indicators
of health access, health behaviors, and obesity, a mod-
erate attenuation was again seen; however, highly sig-
nificant trends toward decreasing CHD prevalence
remained (p-trend <0.0001 in all models). The fully-
adjusted CHD model, with β-coefficients, is depicted
in Supplementary Table S3.
5
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Model 1 Model 2 Model 3 Model 4

All immigrants, % change in prevalence (95% CI)

First quartile Reference Reference Reference Reference

Second quartile −0.26b (−0.30 to −0.21) −0.27b (−0.32 to −0.23) −0.17b (−0.22 to −0.13) −0.02 (−0.06 to 0.02)

Third quartile −0.43b (−0.47 to −0.38) −0.44b (−0.49 to −0.40) −0.24b (−0.29 to −0.20) −0.02 (−0.06 to 0.03)

Fourth quartile −0.98b (−1.04 to −0.93) −0.95b (−1.00 to −0.90) −0.53b (−0.59 to −0.48) −0.33b (−0.38 to −0.28)

p-trend <0.0001 <0.0001 <0.0001 <0.0001

Asian immigrants, % change in prevalence (95% CI)

First quartile Reference Reference Reference Reference

Second quartile −0.21b (−0.27 to −0.15) −0.19b (−0.25 to −0.14) −0.15a (−0.20 to −0.09) −0.09a (−0.14 to −0.04)

Third quartile −0.41b (−0.47 to −0.35) −0.36b (−0.42 to −0.30) −0.25b (−0.31 to −0.20) −0.19b (−0.24 to −0.14)

Fourth quartile −0.71b (−0.77 to −0.64) −0.59b (−0.65 to −0.53) −0.30b (−0.36 to −0.24) −0.31b (−0.37 to −0.26)

p-trend <0.0001 <0.0001 <0.0001 <0.0001

Hispanic immigrants, % change in prevalence (95% CI)

First quartile Reference Reference Reference Reference

Second quartile −0.05 (−0.11 to 0.00) −0.04 (−0.10 to 0.01) 0.02 (−0.03 to 0.07) 0.01 (−0.04 to 0.05)

Third quartile −0.17b (−0.23 to −0.11) −0.15b (−0.20 to −0.09) −0.03 (−0.08 to 0.03) −0.04 (−0.09 to 0.01)

Fourth quartile −0.70b (−0.77 to −0.62) −0.65b (−0.72 to −0.58) −0.38b (−0.45 to −0.31) −0.32b (−0.38 to −0.26)

p-trend <0.0001 <0.0001 <0.0001 <0.0001

ZCTA, ZIP code tabulated area; CHD, coronary heart disease. Coefficients of association (absolute % change in CHD prevalence per quartile) with 95% CI depicted. Model 1
adjusted for age, sex and ZCTA sociodemographic factors (median household income, education, and rurality). Model 2 adjusted for age and sex, ZCTA sociodemographic
factors, and health access factors (health insurance, annual checkup and cholesterol screening). Model 3 adjusted for age and sex, ZCTA sociodemographic factors, health
access factors, and obesity. Model 4 adjusted for age and sex, ZCTA sociodemographic factors, health access factors, and health behaviors (e.g., smoking, activity level).
aDenotes significance at p = 0.01. bDenotes significance at p < 0.0001.

Table 2: Association between ZCTA immigrant fraction and CHD prevalence.
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The association between local area immigrant frac-
tion and local prevalence of stroke is presented in
Table 3. There existed an inverse relationship between
immigrant fraction and stroke prevalence in the base
model. Stroke prevalence was lower within the second
(β: −0.08%, CI: −0.11 to −0.06%), third (β: −0.16%,
CI: −0.19 to −0.14%), and fourth (β: −0.41%, CI: −0.44
to −0.38%) quartiles of immigrant fraction compared to
the lowest quartile, with significant trend (p-trend
<0.0001). This corresponded to relative difference in
stroke prevalence of 2.4% (95% CI: 1.8–3.3%), 4.8%
(95% CI: 4.2–5.8%), and 12.4% (95% CI: 11.5–13.3%),
respectively. This effect attenuated though remained
significant following adjustments for indicators of
health access (p-trend <0.0001), obesity (p-trend
<0.0001), and health behaviors (p-trend = 0.00076).
Notably in the fully-adjusted model (model 4), only the
highest quartile demonstrated a difference in stroke
prevalence (relative difference of 2.1%, 95% CI:
1.2–3.0%). These effects persisted when analyzing both
Asian immigrant fraction and Hispanic immigrant
fraction, although the effect sizes were quite modest.
The fully-adjusted stroke model, with β-coefficients, is
depicted in Supplementary Table S4.

Sensitivity analyses
We assessed the sensitivity of the relationship toward
the inclusion of all ZCTAs (including those with
<1% immigrant fraction). Of the ZCTAs with <1%
immigrant fraction (N = 16,038), 1806 were missing
data (see Supplementary Table S2). The analytic cohort
for sensitivity analyses therefore contained 30,603
ZCTAs. The association between ZCTA immigrant
fraction (by quartile) and local CHD prevalence is pre-
sented in Supplementary Table S5. Similar to the main
CHD analysis, increasing immigrant fraction quartile
associated with lower CHD prevalence in all models (p-
trend <0.0001 for all models). The association between
ZCTA immigrant fraction (by quartile) and local stroke
prevalence is presented in Supplementary Table S6.
Similar to the main stroke analysis, increasing immi-
grant fraction quartile associated with lower stroke
prevalence (p-trend <0.0001 for all models). We also
analyzed immigrant fraction as a continuous variable
(Supplementary Table S7). In the fully-adjusted model,
every 10% increase in immigrant fraction was associ-
ated with a 0.22% (95% CI: 0.20–0.25%) decrease in
CHD prevalence. In the fully-adjusted model, every 10%
increase in immigrant fraction was associated with a
0.08% (95% CI: 0.07–0.09%) decrease in stroke
prevalence.

Path analysis
Path analyses was performed to investigate the re-
lationships between immigrant fraction, ZCTA de-
mographic characteristics, obesity, health behaviors
(smoking, inactivity), and outcomes. Notably while these
analyses may offer insight as to direct vs indirect
www.thelancet.com Vol 27 November, 2023
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Model 1 Model 2 Model 3 Model 4

All immigrants, % change in prevalence (95% CI)

First quartile Reference Reference Reference Reference

Second quartile −0.08c (−0.11 to −0.06) −0.09c (−0.11 to −0.07) −0.02 (−0.04 to 0.00) 0.04b (0.01–0.06)

Third quartile −0.16c (−0.19 to −0.14) −0.17c (−0.20 to −0.15) −0.03a (−0.05 to −0.01) 0.04b (0.02–0.06)

Fourth quartile −0.41c (−0.44 to −0.38) −0.38c (−0.41 to −0.36) −0.10c (−0.13 to −0.07) −0.07c (−0.10 to −0.04)

p-trend <0.0001 <0.0001 <0.0001 0.00076

Asian immigrants, % change in prevalence (95% CI)

First quartile Reference Reference Reference Reference

Second quartile −0.10c (−0.13 to −0.07) −0.09c (−0.12 to −0.06) −0.06b (−0.09 to −0.03) −0.04b (−0.06 to −0.01)

Third quartile −0.16c (−0.19 to −0.13) −0.14c (−0.17 to −0.11) −0.07c (−0.10 to −0.04) −0.05b (−0.08 to −0.02)

Fourth quartile −0.29c (−0.32 to −0.26) −0.23c (−0.26 to −0.20) −0.06b (−0.09 to −0.02) −0.09c (−0.12 to −0.06)

p-trend <0.0001 <0.0001 0.00016 <0.0001

Hispanic immigrants, % change in prevalence (95% CI)

First quartile Reference Reference Reference Reference

Second quartile −0.04a (−0.07 to −0.01) −0.02 (−0.05 to 0.01) 0.02 (−0.01 to 0.04) 0.00 (−0.02 to 0.03)

Third quartile −0.09c (−0.12 to −0.06) −0.06c (−0.09 to −0.04) 0.01 (−0.02 to 0.04) −0.01 (−0.03 to 0.02)

Fourth quartile −0.39c (−0.43 to −0.35) −0.32c (−0.36 to −0.29) −0.15c (−0.19 to −0.12) −0.15c (−0.18 to −0.12)

p-trend <0.0001 <0.0001 <0.0001 <0.0001

ZCTA, ZIP code tabulated area. Coefficients of association (absolute % change in stroke prevalence per quartile) with 95% CI depicted. Model 1 adjusted for age, sex and
ZCTA sociodemographic factors (median household income, education, and rurality). Model 2 adjusted for age and sex, ZCTA sociodemographic factors, and health access
factors (health insurance, annual checkup and cholesterol screening). Model 3 adjusted for age and sex, ZCTA sociodemographic factors, health access factors, and obesity.
Model 4 adjusted for age and sex, ZCTA sociodemographic factors, health access factors, and health behaviors (e.g., smoking, activity level). aDenotes significance at
p = 0.05. bDenotes significance at p = 0.01. cDenotes significance at p < 0.0001.

Table 3: Association between ZCTA immigrant fraction and stroke prevalence.
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(mediated) effects of exogenous variables on outcomes,
no statement of causality can be presumed (as this is a
cross-sectional study). Path analysis for CHD prevalence
is depicted in Fig. 1. Smoking (β = 7.9, p < 0.0001),
inactivity (β = 14.8, p < 0.0001), and obesity (β = 1.3,
p < 0.0001) demonstrated positive associations with
CHD prevalence. Immigrant fraction demonstrated a
subtle though significant direct inverse association with
CHD prevalence (β = −1.4, p < 0.0001); that is to say,
there is a 0.014% decrease in absolute CHD prevalence
for every 1% increase in immigrant fraction. This cor-
responds to a relative decrease of ∼2% in CHD preva-
lence for every 10% increase in immigrant fraction. In
addition to the direct association, immigrant fraction
demonstrated significant indirect associations mediated
through smoking (β = −0.16, p < 0.0001), inactivity
(β = −0.02, p < 0.0001), and obesity (β = −0.17,
p < 0.0001). When calculating the cumulative weight of
direct vs indirect paths, we found that the direct path
constituted ∼45%, and the cumulative indirect paths
constituted ∼55% of the total.

When performing path analysis for stroke prevalence
(Fig. 2), smoking (β = 3.4, p < 0.0001), inactivity (β = 8.1,
p < 0.0001), and obesity (β = 2.4, p < 0.0001) demon-
strated positive associations with stroke prevalence. For
stroke, no significant direct path between immigrant
fraction was observed; however, significant indirect
paths mediated through inverse associations between
immigrant fraction and smoking (β = −0.16, p < 0.0001),
www.thelancet.com Vol 27 November, 2023
inactivity (β = −0.02, p < 0.0001), and obesity (β = −0.17,
p < 0.0001) were found. Therefore in the stroke model,
the majority of the association of immigrant fraction on
disease prevalence was meditated indirectly.
Discussion
Much prior research within immigrant health has
focused on the healthy immigrant effect, the seemingly
paradoxical observation that immigrants exhibit better
health outcomes compared to native-born individuals
despite unfavorable socioeconomic conditions.21,22 By
contrast, relatively sparse literature has been directed at
understanding possible externalities immigrants may
create for their communities, such as through positively
influencing health behaviors of their families and
friends. In this study, we utilized a newly-available
health behavior and outcomes data set to determine
the association between local area immigrant fraction
and the prevalence of CHD and stroke on a national
level across the US, and with more granular and precise
geographic information than was feasible in prior work.
The central finding of this study is that increasing
immigrant fraction is associated with decreasing local
prevalence of CHD, and to a lesser extent stroke. These
findings remained consistent when analyzing the two
largest immigrant subgroups, Asians and Hispanics.
For CHD, there exists a direct contribution of immi-
grant fraction on disease prevalence, which constitutes
7
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Fig. 1: Multilevel path analysis demonstrating the strength and sign of directional relationships between independent variables (immigrant
fraction, male proportion, proportion >65 years old), endogenous behavioral variables (smoking, physical inactivity, obesity), and coronary heart
disease (CHD). Lack of path coefficient indicates no significant association. *Denotes significance at p = 0.05. ***Denotes significance at
p < 0.0001.
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45% of the total association; by contrast, there also
exist significant indirect associations (∼55%) mediated
through lower prevalence of deleterious health
behaviors.

We believe this study to be one of the first to study
immigrant fraction at such a detailed geographic level
(ZCTA) across the entirety of the US. Prior national
database studies focused on immigrants have mostly
used larger administrative subdivisions such as counties
or commuting zones.7 Conversely, smaller geographic
or administrative area studies have been mostly per-
formed within single cities or a small number of
metropolitan areas.5,13,23,24 The findings from our study
are both consistent with these prior studies, and expand
the literature by providing both neighborhood granu-
larity and generalizability across the diverse landscape of
the US. Using national tax records constituting over 1.4
billion person-years of observation, Chetty et al. found
local area immigrant fraction (defined at the level of
commuting zone, an aggregation of counties) to be the
strongest correlate of local life expectancy (r = 0.72).7

While the absolute reduction in cardiovascular disease
prevalence was modest in our study, the relative
reduction in CHD prevalence between the highest- and
lowest-quartiles was 15% in the base model, and 5% in
the fully-adjusted model. To put this in perspective, for
an individual it has been estimated that lowering systolic
blood pressure <130 mm Hg reduces 10-year CHD risk
by ∼35%, and lowering low-density lipoprotein (by at
least 30%) reduces CHD risk by ∼25%.25

Our study also importantly decomposed the direct
and indirect contributions of local immigrant fraction
on cardiovascular disease prevalence at the community
level. While there appeared a modest direct association
of immigrant fraction on CHD, the majority of the
contribution appeared mediated through health behav-
iors. For stroke, the association of immigrant fraction
was completely mediated through indirect effects of
health behaviors. Others have found similar indirect
effects. A cross-sectional study utilizing data from the
Los Angeles County Health Survey 2007 linked to 2000
US Census data measured the effects of acculturation
(defined by language spoken at home and years since
immigration) on unhealthy dietary patterns (defined as
fast food eating or low fruit/vegetable consumption).13

This study found that living in a neighborhood with a
high density of other immigrants attenuates the nega-
tive effects of acculturation on healthy eating behaviors.
The protective effects of living in high-immigrant
communities may also extend to native-born Ameri-
cans. A separate study of metropolitan Los Angeles
based on ZCTA demonstrated that neighborhood
www.thelancet.com Vol 27 November, 2023
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Fig. 2: Multilevel path analysis demonstrating the strength and sign of directional relationships between independent variables (immigrant
fraction, male proportion, proportion >65 years old), endogenous behavioral variables (smoking, physical inactivity, obesity), and stroke. Lack of
path coefficient indicates no significant association. *Denotes significance at p = 0.05. ***Denotes significance at p < 0.0001.
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immigrant density was negatively associated with regu-
lar fast-food consumption, BMI, and hypertension, and
positively associated with fruit/vegetable consumption
among native-born Americans.5 Another study of low-
income women demonstrated increases in the con-
sumption of fruits/vegetables with increases in local
area immigrant population.26 Immigrant acculturation
may also be an important risk factor for smoking by
their children.27,28 Our study builds on these prior risk-
factor studies by not only validating differences in
health behaviors between high- and low-immigrant
communities, but also demonstrating that these differ-
ences in behavior may contribute to differences in major
cardiovascular disease prevalence. Notably, the decom-
position of direct and indirect effects in this study
cannot be construed to imply causality.

Our study separately analyzed immigrant subgroups
by origin (Hispanic and Asian). There have been few
studies that have reported on immigrants by dis-
aggregated racial/ethnic background. A study based on
the Multiethnic Study of Atherosclerosis cohort exam-
ined whether neighborhood immigrant composition
was associated with health behaviors among Hispanic
(recruited from New York, Los Angeles, and St Paul)
and Chinese Americans (recruited from Los Angeles
and Chicago).29 After adjustment for relevant neigh-
borhood sociodemographic characteristics, living in a
www.thelancet.com Vol 27 November, 2023
tract with a higher proportion of immigrants was asso-
ciated with lower consumption of high-fat foods among
Hispanics and Chinese, but with being less physically
active among Hispanics. Another cross-sectional study
using data from the Medical Expenditure Panel Survey
linked to the US Census found living in communities of
high Hispanic density to be associated with increased
obesity among both Hispanics and non-Hispanic
Whites; conversely, living in communities of high
Asian density was associated with reduced obesity
among non-Hispanic Whites.30 Our study similarly
found living in communities of high Hispanic-origin
immigrant fraction to be correlated with obesity, and
high Asian-origin immigrant fraction to be inversely
correlated with obesity. However, our study suggests
that once accounting for these differences, Americans
living in both Asian- and Hispanic-immigrant-
predominant neighborhoods may benefit from positive
externalities. There may be some common underlying
protective mechanism against cardiovascular diseases
mediated through anti-acculturation.

Our study has limitations. One important limitation
is ecological bias. The independent and dependent var-
iables were not measured at the level of the individual,
but rather at the level of ZCTA. We therefore could not
decompose CHD or stroke prevalence between immi-
grants and non-immigrants (or between racial groups)
9
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within a ZCTA. We also could not decompose health
behavioral patterns or demographic profiles within a
ZCTA by group. Our study was cross-sectional in nature.
This is in part because local area markers of disease
prevalence and health behavior at the level of ZCTA were
only recently made available through data sets such as
PLACES. While direct vs indirect effects were decom-
posed through structural equation modeling, no infer-
ence about causality can be made. We chose to exclude
low-immigrant communities in our main analyses. We
did this for a number of reasons, including inadequate
sampling, missingness of data, and lack of similarity
between low-immigrant ZCTAs and our analytic cohort.
These excluded ZCTAs (∼16,000) were found predomi-
nantly in rural communities throughout the US. As such,
the generalizability of our findings to less populated and
more rural regions of the US may be limited. A related
limitation is that while ACS (∼3.5 million households
sampled annually) and BRFSS (∼400,000 adults sampled
annually) are very large surveys, they may not be
adequate for small population clusters and may be prone
to error for even larger population clusters. Certain po-
tential mediators or confounders of the relationship be-
tween exposure and outcomes were not included in the
model—these included potentially important mediators
such as hypertension and diabetes. While we did include
certain proxies for these conditions (e.g., prevalence of
cholesterol screening), the indirect nature of the data is a
limitation.

With these limitations in mind, this study is one of
the first to demonstrate in a large, national sample the
association between immigrant fraction and both
reduced prevalence of deleterious behaviors, and
reduced prevalence of major cardiovascular disease at
the community level.
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